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@ Gyro-compass. 

® A support base (26) of an angular velocity sen- 
sor (12) is supported rotatably at one end (28). and 
the support base (26) is vibrated by a piezoelectric 
element (30). By this vibration, a known rotational 
angular velocity is applied to the angular velocity 
sensor (12). For example, a difference of two output 
signals of the angular velocity sensor (12) is mea- 
sured. This difference of the output signals is de- 
tected in synchronism with phases which differ from 
each other by 180', in two synchronous detection 
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circuits (46,48). The detected signal is smoothed in 
smoothing circuits (50,54), and further, amplified in 
amplifying circuits (52,56). An output signal of the 
amplifying circuit is composed in a variable resistor 
(58) as a composite circuit. Meanwhile, from the 
output signal of the amplifying circuit, the output 
signal of the variable resistor and a signal cor- 
responding to the known rotational angular velocity 
are subtracted. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present Invention relates to a gyro-com- 
pass, particularly, it relates to a gyro-compass for 
detecting a position of a moving body such as an 
automobile and the like. 

Description of the Prior Art 

Conventionally, in order to measure a position 
of, for example, an automobile, an angular velocity 
sensor or the like has been used. In this case, the 
position of the automobile was detected from a 
moving direction of the automobile detected by the 
angular velocity sensor and the like, and a moving 
distance obtained from a speed meter of the auto- 
mobile. 

However, since the velocity of the automobile 

is calculated from a number of revolutions of tires, 
errors are produced in the moving distance being 
measured due to the amount of air in the tires and 
unevenness of a road. Therefore, it is difficult to 
detect the position of the automobile accurately. 
Also, connections with the sensor for obtaining the 
number of revolutions of the tires is necessary. 

SUMMARY OF THE INVENTION 

It is, therefore, a primary object of the present 
invention to provide a gyro-compass capable of 
measuring both a rotational angular velocity and a 
linear velocity or acceleration accurately, for mea- 
suring a moving direction and moving distance of a 
moving body such as an automobile and the like 
accurately. 

The present invention is directed to a gyro- 
compass comprising an angular velocity sensor, 
angular velocity applying means for applying a 
known rotational angular velocity to the angular 
velocity sensor, a plurality of synchronous detec- 
tion circuits for detecting an output signal of the 
angular velocity sensor in synchronism with dif- 
ferent phases, a plurality of smoothing circuits for 
smoothing output signals of the plurality of syn- 
chronous detection circuits, a composite circuit for 
composing output signals of the plurality of 
smoothing circuits, a differential circuit for obtaining 
a difference between one output signal of the plu- 
rality of smoothing circuits and an output signal of 
the composite circuit, and a separate differential 
circuit for obtaining a difference between an output 
of the differential circuit and a signal corresponding 
to the known rotational angular velocity applied by 
the angular velocity applying means. 

Since the known rotational angular velocity is 
applied to the angular velocity sensor, when the 



linear velocity or acceleration is applied to the 
angular velocity sensor, a signal corresponding to 
the linear velocity or acceleration is superposed on 
the output signal of the angular velocity sensor. 

5 Furthermore, when the rotational angular velocity is 
applied to the angular velocity sensor from the 
outside, its output signal becomes a composite 
signal of the signal corresponding to the known 
rotational angular velocity, the signal corresponding 

10 to the external rotational angular velocity and the 
signal corresponding to the linear velocity or accel- 
eration. 

When detecting the output signal of the angular 
velocity sensor in synchronism with the different 

75 phases, in respective phases, a composite signal of 
the signal corresponding to the rotational angular 
velocity and the signal corresponding to the linear 
velocity or acceleration is obtained. By smoothing 
and composing these signals, the signal corre- 

20 spending to the external rotational angular velocity 
and the signal corresponding to the known rota- 
tional angular velocity are canceled. Thus, a signal 
obtained from the composite circuit becomes the 
signal corresponding to the linear velocity or accel- 

25 oration. Meanwhile, by subtracting the signal cor- 
responding to the known rotational angular velocity 
and the signal corresponding to the linear velocity 
or acceleration from one of the signals after syn- 
chronous detection, a signal corresponding to the 

30 rotational angular velocity applied to the angular 
velocity sensor from the outside is obtained. 

According to the present invention, by applying 
the known rotational angular velocity to the angular 
velocity sensor, the signal corresponding to the 

35 linear velocity or acceleration is superposed on the 
output signal of the angular velocity sensor. Since 
only the signal corresponding to the linear velocity 
or acceleration can be taken out, the linear velocity 
or acceleration can be detected. Furthermore, by 

40 integrating the obtained velocity or acceleration, a 
moving distance can be known. Since the signal 
corresponding to the rotational angular velocity ap- 
plied to the angular velocity sensor from the out- 
side can be obtained, the rotational angular velocity 

45 can be known. As such, since both the external 
rotational angular velocity and the linear velocity or 
acceleration can be detected, when this gyro-com- 
pass is installed on an automobile and the like, the 
position of the automobile can be detected ac- 

50 curately. 

The above and other objects, features, stages 
and advantages of the present invention will be- 
come more apparent from the following detailed 
description made with reference to the drawings. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 Is a block diagram showing one enr>bodi- 
ment of the present invention. 

Fig. 2 is a side view showing a surroundings of 
an angular velocity sensor of a gyro-compass 
shown in Fig. 1. 

Figs. 3(A)-3(G) are graphs showing output sig- 
nals of respective circuits, when only a Icnown 
rotational angular velocity is applied to an angular 
velocity sensor. 

Figs. 4(A)-4(G) are graphs showing output sig- 
nals of respective circuits, when a known rotational 
angular velocity and a linear velocity or accelera- 
tion are applied to an angular velocity sensor. 

Figs. 5{A)-5(G) are graphs showing output sig- 
nals of respective circuits, when a known rotational 
angular velocity and an external rotational angular 
velocity are applied to an angular velocity sensor. 

Figs. 6{A)-6(G) are graphs showing output sig- 
nals of respective circuits, when a known rotational 
angular velocity, a linear velocity or acceleration 
and an external rotational angular velocity are ap- 
plied to an angular velocity sensor. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 1 is a block diagram showing one embodi- 
ment of the present invention. A gyro-compass 10 
includes an angular velocity sensor 12. As the 
angular velocity sensor 12, as shown in Fig. 1 and 
Fig. 2, for example, an vibration-type angular ve- 
locity sensor is used. The angular velocity sensor 
12 includes a vibrator 14. The vibrator 14 is formed 
into a regular triangular columnar shape by. In 
general, a material generating mechanical vibration 
such as elinvar, iron-nickel alloy, quartz, glass, cry- 
stal, ceramics and the like. 

At the center of three side faces of the vibrator 
14, piezoelectric elements 16a, 16b and 16c are 
formed respectively. The piezoelectric element 16a 
includes a piezoelectric layer 18a. on both surfaces 
of which electrodes 20a and 22a are formed. One 
electrode 22a Is bonded to the side face of the 
vibrator 14. Similarly, the piezoelectric elements 
16b. 16c include piezoelectric layer 18b, 18c, on 
both surfaces of which electrodes 20b, 22b and 
electrodes 20c, 22c are formed. One electrodes 
22b, 22c of the piezoelectric elements 16b, 16c are 
bonded to the side faces of the vibrator 14. 

Meanwhile, the vicinity of nodal points of the 
vibrator 14 are supported by support members 24a 
and 24b consisting of, for example, a metal wire. 
The support members 24a and 24b are secured to 
the vicinity of the nodal points by, for example, 
welding. The support members 24a, 24b are se- 
cured to a support base 26. One end of the support 



base 26 Is supported rotatably by a shaft 28. The 
shaft 28 is mounted so as to be parallel to an axial 
direction of the vibrator 14. Furthermore, on the 
lower face of the support base 26, a piezoelectric 
5 element 30 as angular velocity applying means is 
formed. The piezoelectric element 30 is consisting 
of a piezoelectric layer 30a and electrodes 30b. 
30c formed on both surfaces of the piezoelectric 
layer 30a. By the piezoelectric element 30, the 

10 support base 26 vibrates reciprocally as drawing an 
arc about the shaft 28. and thereby the known 
rotational angular velocity is applied to the angular 
velocity sensor 12. 

In the gyro-compass 10, among the piezoelec- 

15 trie elements 16a-16c of the angular velocity sen- 
sor 12, any two thereof are used for detection and 
these two or other one are used for driving. In this 
embodiment, the piezoelectric elements 16a and 
16b are used for detection and driving, and the 

20 piezoelectric element 16c is used for feedback. 

Between the driving piezoelectric elements 
16a, 16b and the feedback piezoelectric element 
16c, an oscillation circuit 40 and a phase circuit 42 
are connected as a feedback loop for self-oscilla- 

25 tion driving of the angular velocity sensor 12. A 
driving signal is given by the oscillation circuit 40 
and the phase circuit 42. and the angular velocity 
sensor 12 is bent and vibrated In a direction or- 
thogonal to a face whereon the piezoelectric ele- 

30 ment 16c is formed. 

Furthermore, the detecting piezoelectric ele- 
ments 16a, 16b are connected to a first differential 
circuit 44. In the first differential circuit 44, a dif- 
ference between the outputs of the piezoelectric 

35 elements I6a and 16b is detected. The output of 
the first differential circuit 44 is inputted to a first 
synchronous detection circuit 46 and a second 
synchronous detection circuit 48. To the first syn- 
chronous detection circuit 46 and the second syn- 

40 chronous detection circuit 48, a synchronous signal 
is given from the phase circuit 42. In the first 
synchronous detection circuit 46 and the second 
synchronous detection circuit 48. in synchronism 
with the phases which differ from each other by 

45 180*. the output signal of the first differential cir- 
cuit 44 is detected. 

The first synchronous detection circuit 46 is 
connected to a first smoothing circuit 50, In turn 
the first smoothing circuit 50 Is connected to a first 

50 amplifying circuit 52. In the first smoothing circuit 
50. an output signal of the first synchronous detec- 
tion circuit 46 is smoothed, and the smoothed 
signal is amplified in the first amplifying circuit 52. 
Similarly, the second synchronous detection circuit 

55 48 is connected to a second smoothing circuit 54, 
in turn, the second smoothing circuit 54 is con- 
nected to a second amplifying circuit 56. In the 
second smoothing circuit 54, an output signal of 



3 



5 



EP 0 568 978 A1 



6 



the second synchronous detection circuit 48 is 
smoothed, and the smoothed signal Is amplified in 
the second amplifying circuit 56. 

Output signals of the first amplifying circuit 52 
and the second amplifying circuit 56 are connected 
to a variable resistor 58 as composite circuit The 
variable resistor 58 is so adjusted that its output 
becomes zero when the linear velocity or accelera- 
tion is not applied to the gyro-compass 10. Further- 
more, output signals of the variable resistor 58 and 
the first amplifying circuit 52 are inputted to a 
second differential circuit 60. In the second dif- 
ferential circuit 60, the output signal of the variable 
resistor 58 is subtracted from the output signal of 
the first amplifying circuit 52. 

To the piezoelectric element 30 as the angular 
velocity applying means, an oscillation circuit 62 
for driving the piezoelectric element 30 is con- 
nected. By a signal of the oscillation circuit 62, the 
support base 26 is vibrated as drawing an arc 
about the shaft 28. Meanwhile, from the oscillation 
circuit 62, a signal corresponding to the rotational 
angular velocity applied to the angular velocity 
sensor 12 by driving the support base 26 is output- 
ted. The signal corresponding to the known rota- 
tional angular velocity is obtained by amplifying, 
and further, smoothing the signal for driving the 
piezoelectric element 30. The signal con^esponding 
to the known rotational angular velocity and the 
output signal of the second differential circuit 60 
are inputted to a third differential circuit 64. In the 
third differential circuit 64, the signal corresponding 
to the known rotational angular velocity is sub- 
tracted from the output signal of the second dif- 
ferential circuit 60. The signal corresponding to the 
known rotational angular velocity is the same signal 
as the output signal obtained from the second 
differential circuit 60, when the rotational angular 
velocity and the linear velocity or acceleration are 
not applied from the outside. 

The operation of the gyro-compass 10 is de- 
scribed. First, a case where the piezoelectric ele- 
ment 30 is not driven and the known rotational 
angular velocity is not applied to the angular ve- 
locity sensor 12 is considered. In this state, the 
vibrator 1 4 of the angular velocity sensor 1 2 is bent 
and vibrated in a direction orthogonal to a face 
whereon the piezoelectric element 16c is formed. 
When the rotational angular velocity is not applied 
from the outside and the linear velocity or accelera- 
tion is not applied, voltages generated in two piezo- 
electric elements 16a and 16b are in the same 
direction and same in strength. Thus, the output of 
the first differential circuit 44 becomes zero. There- 
fore, the outputs of the variable resistor 58 and the 
third differential circuit 64 are both zero, and it is 
clear that neither the rotational angular velocity nor 
the linear velocity or acceleration are applied. 



Next, a case where the support base 26 is 
moved and the known rotational angular velocity is 
applied to the angular velocity sensor 12 is consid- 
ered. In this case, when the external rotational 
6 angular velocity and the linear velocity or accelera- 
tion are not applied, a difference in output voltages 
between the piezoelectric elements 16a and 16b is 
produced by the given rotational angular velocity. 
Thus, the output signal is generated in the first 

10 differential circuit 44. The rotational angular velocity 
applied to the angular velocity sensor 12 is applied 
at a fixed period and amplitude by the oscillation 
circuit 62. Therefore, the output of the first differen- 
tial circuit 44 is outputted as, for example, a sine 

75 wave as shown in Fig. 3 (A). In the first synchro- 
nous detection circuit 46, for example, a positive 
side signal is detected centering around OV. In the 
second synchronous detection circuit 48, a nega- 
tive side signal is detected centering around OV. 

20 Thus, as shown in Fig. 3 (B) and Fig. 3 (C), the 
output signal of the first synchronous detection 
circuit 46 and the output signals of the second 
synchronous detection circuit 48 are in the op- 
posite direction with each other, and have the same 

25 strength. Therefore, when these signals are 
smoothed and amplified, as shown in Fig. 3 (D) 
and Fig. 3 (E). D.C. outputs which are in the 
opposite direction with each other and having the 
same strength are obtained. When these signals 

30 are composed in the variable resistor 58. as shown 
in Fig. 3 (F). its output becomes zero. Thereby, it is 
clear that the linear acceleration is not applied. 

The output of the first amplifying circuit 52 Is 
the output signal of the first differential circuit 44 

35 whose positive side is detected and amplified. 
Since the output of the variable resistor 58 is zero, 
the output signal of the second differential circuit 
60 becomes the same output signal as the first 
amplifying circuit 52. The output signal of the sec- 

40 ond differential circuit 60 is a signal corresponding 
to the known rotational angular velocity applied to 
the angular velocity sensor 12. Thus, as shown in 
Fig. 3 (G), an output from the third differential 
circuit 64 becomes zero. Thereby, it is clear that 

45 the rotational angular velocity is not applied to the 
angular velocity sensor 12 from the outside. 

Next, a case where a velocity or an accelera- 
tion is applied in a linear direction orthogonal to an 
axis of the angular velocity sensor 12 is consid- 

50 ered. In this case, since the known rotational an- 
gular velocity is applied to the angular velocity 
sensor 12 by the piezoelectric element 30. a force 
is exerted on the vibrator 14 in a direction in which 
the velocity or acceleration is applied. Therefore, 

55 on the voltages generated In the piezoelectric ele- 
ments 16a and 16b, a fixed output voltage is super- 
posed responsive to the velocity or acceleration. 
Thus, the output signal of the first differential circuit 



4 



7 



EP 0 568 978 A1 



8 



44 becomes a waveform signal moved to the posi- 
tive side from OV as shown in Fig. 4 (A). Since the 
rotational angular velocity Is not applied to the 
angular velocity sensor 12 from the outside, an 
amplitude of the output signal of the first differential 
circuit 44 is same as that shown in Fig. 3 (A). This 
output signal is detected in synchronism with 
phases which differ from each other by 180* .in 
the first synchronous detection circuit 46 and the 
second synchronous detection circuit 48. That is, in 
the first synchronous detection circuit 46, as shown 
In Fig. 4 (B), the positive side of the output signal 
of the first differential circuit 44 is detected. In the 
second synchronous detection circuit 48, as shown 
in Rg, 4 (C), the negative side of the output signal 
of the first differential circuit 44 Is detected. When 
these signals are smoothed in the first smoothing 
circuit 50 and the second smoothing circuit 54, and 
amplified in the first amplifying circuit 52 and the 
second amplifying circuit 56, as shown in Fig. 4 (D) 
and Fig. 4 (E). a high voltage Is outputted from the 
first amplifying circuit 52, and a low voltage is 
outputted from the second amplifying circuit 56. 
When these signals are composed in the variable 
resistor 58, as shown in Rg. 4 (F). an output 
corresponding to the linear velocity or acceleration 
is obtained from its output terminal. 

In the second differential circuit 60, the output 
signal of the variable resistor 58 is subtracted from 
the output signal of the first amplifying circuit 52. 
Therefore, from the second differential circuit 60, a 
signal obtained by subtracting the signal by the 
linear velocity or acceleration applied to the angular 
velocity sensor 12, from the output signal of the 
first amplifying circuit 52 Is outputted. This signal Is 
a signal corresponding to the known rotational an- 
gular velocity applied to the angular velocity sensor 
12. Thus, when the signal corresponding to the 
known rotational angular velocity is subtracted in 
the third differential circuit 64, the output from the 
third differential circuit becomes zero. Thereby, it Is 
clear that the rotational angular velocity is not ap- 
plied to the angular velocity sensor 12 from the 
outside. 

Next, a case where the rotational angular ve- 
locity is applied to the angular velocity sensor 12 
from the outside is considered. In this case, since 
the known rotational angular velocity Is applied to 
the angular velocity sensor 12, by the rotational 
angular velocity from the outside, for example, a 
voltage generated in the piezoelectric element 16a 
becomes larger and a voltage generated in the 
piezoelectric element 16b becomes smaller. There- 
fore, an amplitude of the output signal of the first 
differential circuit 44 become larger as compared 
with the case where only the known rotational an- 
gular velocity is applied, as shown In Rg. 5 (A). 
This signal Is detected in synchronism with the 



phases which differ from each other by 180', in 
the first synchronous detection circuit 46 and the 
second synchronous detection circuit 48. Thus, the 
output signal of the first synchronous detection 

5 circuit 46 becomes a positive side signal centering 
around OV, as shown in Fig. 5 (B). The output 
signal of the second synchronous detection circuit 
48 becomes a negative side signal centering ar- 
ound OV. as shown in Fig. 5 (C). When these 

10 signals are smoothed in the first smoothing circuit 
50 and the second smoothing circuit 54, and fur- 
ther, amplified in the first amplifying circuit 52 and 
the second amplifying circuit 56, as shown in Fig. 5 
(D) and Fig. 5 (E), the signals which are In opposite 

75 direction with each other and having the same 
strength are outputted. When these-signals are 
composed in the variable resistor 58, the output of 
the variable resistor 58 becomes zero. Thereby, it 
Is clear that the linear velocity or acceleration Is not 

20 applied to the angular velocity sensor 12. 

In the second differential circuit 60, though the 
output signal of the variable resistor 58 is sub- 
tracted from the output signal of the first amplifying 
circuit 52, since the output of the variable resistor 

25 58 Is zero, the output signal of the first amplifying 
circuit 52 is outputted from the second differential 
circuit 60 as it is. In this output signal, signals 
corresponding to the known rotational angular ve- 
locity applied to the angular velocity sensor 12 and 

30 the rotational angular velocity applied from the out- 
side are Included. Thus, when the signal corre- 
sponding to the known rotational angular velocity is 
subtracted in the third differential circuit 64, as 
shown In Fig. 5 (G), only the signal corresponding 

35 to the rotational angular velocity applied from the 
outside Is outputted. From this signal, the rotational 
angular velocity applied to the angular velocity 
sensor 1 2 from the outside can be known. 

Next, a case where both the external rotational 

40 angular velocity and the linear velocity or accelera- 
tion are applied to the angular velocity sensor 12 
from the outside is considered. In this case, from 
the first differential circuit 44, as shown in Fig. 6 

(A) , an output signal which has a larger amplitude 
45 than the case where, for example, only the known 

rotational angular velocity is applied, and moves to 
the positive side from OV Is obtained. This signal is 
detected in synchronism with the phases which 
differ from each other by 180 •, in the first synchro- 
50 nous detection circuit 46 and the second synchro- 
nous detection circuit 48. Thus, from the first syn- 
chronous detection circuit 46, as shown in Rg. 6 

(B) . a positive side voltage Is outputted. From the 
second synchronous detection circuit 48, as shown 

55 In Fig. 6 (C), a negative side voltage is outputted. 
These signals are smoothed in the first smoothing 
circuit 50 and the second smoothing circuit 54, and 
further, amplified In the first amplifying circuit 52 



5 



9 



EP 0 568 978 A1 



10 



and second amplifying circuit 56. Thus, from the 
first amplifying circuit 52. as shown in Fig. 6 (D), a 
high voltage is outputted, and from the second 
amplifying circuit 56, as shown in Rg. 6 (E), a low 
voltage is outputted. By composing these signals in 5 
the variable resistor 58, the signals corresponding 
to the known rotational angular velocity and the 
rotational angular velocity applied from the outside 
are canceled. From the variable resistor 58, only 
the output signal corresponding to the linear ve- io 
locity or acceleration is outputted. 

In the second differential circuit 60, the output 
signal of the variable resistor 58 is subtracted from 
the output signal of the first amplifying circuit 52. 
Therefore, the output of the second differential cir- 15 
cuit 60 becomes the signal corresponding to the 
known rotational angular velocity applied to the 
angular velocity sensor 12 and the rotational an- 
gular velocity applied from the outside. Thus, when 
the signal corresponding to the known rotational 20 
angular velocity is subtracted in the third differen- 
tial circuit 64, only the signal corresponding to the 
rotational angular velocity applied from the outside 
is outputted. From this signal, the rotational angular 
velocity applied from the outside can be known. 25 

In the above-mentioned embodiment, the am- 
plitude of the output signal of the first differential 
circuit 44 becomes larger by the external rotational 
angular velocity, and the output signal of the first 
differential circuit 44 moves to the positive side by 30 
the linear velocity or acceleration. However, de- 
pending on the direction and magnitude of the 
external rotational angular velocity and the linear 
velocity or acceleration applied, the output signal of 
the first differential circuit 44 becomes smaller or 35 
moves to the negative side. Even in such cases, in 
the same manner as the above-mentioned embodi- 
ment, the rotational angular velocity and the linear 
velocity or acceleration can be detected. 

As such, by using the gyro-compass 10, both 40 
the rotational angular velocity and the linear ve- 
locity or acceleration can be measured. Thus, by 
integrating the linear velocity or acceleration, a 
moving distance can be known. Furthermore, since 
a moving direction can be known from the rota- 45 
tional angular velocity, even when the automobile 
and the like is moved, its position can be detected 
accurately. In this case, since the moving distance 
and direction can be measured accurately, errors 
due to the amount of air in the tires and uneven- 50 
ness of a road can be eliminated. Besides, connec- 
tions at a time of installing on the automobile can 
be simplified. 

As arrangements of the gyro-compass 10, It 
may be arranged such that, an axis of the vibrator 55 
14 is In a horizontal direction or in a vertical direc- 
tion. It may also be arranged such that, the axis of 
the vibrator 14 is in a direction other than the 



horizontal and vertical directions. That is, in the 
gyro-compass 10, the rotational angular velocity 
about the axis of the vibrator 14, and the linear 
velocity or acceleration orthogonal to the axis can 
be measured. Thus, by using a plurality of gyro- 
compasses 10 and changing the directions of ar- 
rangement, the rotational angular velocity and the 
linear velocity or acceleration in all directions can 
be measured. 

In the above-mentioned embodiment, though 
the angular velocity sensor 12 is bent and vibrated 
by self-oscillation driving, it is also possible to be 
bent and vibrated by separate-oscillation driving. 
Furthermore, as the angular velocity sensor, it is 
not limited to a vibration type, it is also possible to 
use other angular velocity sensors such as an 
optical fiber type, a gas rate type and a rotational- 
gyroscope. By applying the known rotational an- 
gular velocity to these angular velocity sensors, 
both the rotational angular velocity from the outside 
and the linear velocity or acceleration can be de- 
tected. Though the piezoelectric element was used 
as means for applying the known rotational angular 
velocity, the other electromagnet and actuator may 
also be used. 

While the present invention has been particu- 
larly described and shown, it is to be understood 
that such description is used merely as an illustra- 
tion and example rather than limitation, and the 
spirit and scope of the present inventions deter- 
mined solely by the terms of the appended claims. 

Claims 

1. A gyro-compass comprising : 

an angular velocity sensor; 

angular velocity applying means for apply- 
ing a known rotational angular velocity to said 
angular velocity sensor; 

a plurality of synchronous detection cir- 
cuits for detecting an output signal of said 
angular velocity sensor in synchronism with 
different phases; 

a plurality of smoothing circuits for 
smoothing output signals of said plurality of 
synchronous detection circuits; 

a composite circuit for composing output 
signals of said plurality of smoothing circuits; 

a differential circuit for obtaining a dif- 
ference between one output signal of said plu- 
rality of smoothing circuits and an output sig- 
nal of said composite circuit; and 

a separate differential circuit for obtaining 
a difference between an output of said dif- 
ferential circuit and a signal corresponding to 
the known rotational angular velocity applied 
by said angular velocity applying means. 
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2. A gyro-compass in accordance with claim 1, 
wherein by detecting the output signal of said 
angular velocity sensor at the phase difference 
of ISO* respectively in said plurality of syn- 
chronous detection circuits, a positive portion 5 
and a negative portion of the output signal of 
said angular velocity sensor are detected. 

3. A gyro-compass in accordance with claim 1, 
wherein said composite circuit is a variable io 
resistor. 

4. A gyro-compass in accordance with claim 1, 
wherein said angular velocity applying means 
Includes piezoelectric elements for giving vi- 75 
bration drawing a circular to said angular ve- 
locity sensor, and an oscillation circuit for driv- 
ing said piezoelectric elements, and a signal 
corresponding to a known rotational angular 
velocity is obtained by smoothing an output 20 
signal of said oscillation circuit. 

5. A gyro-compass in accordance with claim 1. 
wherein said angular velocity sensor is a 
vibrating gyroscope utilizing bending and 25 
vibrating movement of a columnar vibrator. 

6. A gyro-compass in accordance with claim 5. 
wherein said vibrating gyroscope includes said 
vibrator of triangular columnar shape and pi- 30 
ezoelectric elements formed on the side faces 

of said vibrator. 

7. A gyro-compass in accordance with claim 5, 
wherein a difference of output signals obtained 35 
from two piezoelectric elements among said 
piezoelectric elements formed on said vibrating 
gyroscope is inputted to said synchronous de- 
tection circuits. 

40 

8. A gyro-compass in accordance with claim 5. 
wherein said vibrating gyroscope is bent and 
vibrated by a driving circuit consisting of an 
oscillation circuit and a phase circuit, and a 
signal for synchronous detection is applied to 45 
said synchronous detection circuit from said 
phase circuit. 
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